Water is becoming an increasingly valuable commodity, with population growth demanding more and more amounts of this limited resource. Increased efforts are directed toward recycling and remediation, as well as desalination of the large quantities of seawater available. Dr. Bertwin Langenecker was a pioneer in utilizing hydrodynamic cavitation in a variety of applications that would remove dissolved solids from water and other liquids. His combination of intense cavitation using a rotor-stator combination, as well as simultaneously adding an adsorbent, demonstrated impressive results in desalination and waste water remediation. In this presentation, a description will be given of Dr. Langenecker's technology as well as a sampling of some of his most impressive results. Speculations as to why this approach works as well as it does will be presented.
INTRODUCTION
Cavitation is a phenomenon that results in an extraordinary concentration of mechanical energy. This is because cavitation involves the collapse of (often spherical) gas bubbles with volume reduction factors of over 10 9 . Most of the energy generated by growing the bubble to macroscopic sizes is converted into mechanical energy during the final states of collapse. The collapse of the bubble causes a subsequence creation of high velocity liquid jets, intense shock waves, pressures on the order of kilobars, and temperatures in the thousands of kelvins. These high pressures and temperatures can result in sonoluminescence [Crum, 1994] , in which light is emitted from the gas heated to luminescent temperatures, and/or sonochemistry [Suslick, 1990] , in which mechanical bonds between molecules are broken.
There are many ways to generate cavitation but all of them generally rely on the requirement that the liquid experience a pressure below the vapor pressure of the host liquid (in order to grow the bubble), which is followed by a pressure higher than the vapor pressure (in order to collapse the bubble). There are two principal ways of generating these pressure sequences: The most common is with acoustic transducers that can develop intense pressure differences, especially if the acoustic field is focused; a second method relies on the Bernoulli principal in which liquids develop pressure variations due to changes in flow velocity, commonly called hydrodynamic cavitation. Acoustic cavitation is used when localized intense pressure fluctuations are required; hydrodynamic cavitation is used when large volumes are to be treated.
METHODS
Globe Protect (GP), via the efforts of Dr. Bertwin Langenecker, developed a hydrodynamic cavitation system with a novel approach that permits it to perform a variety of applications that meet a number of important societal needs. In the GP system, shown in Fig. 1 , cavitation is generated by a rotor-stator combination in which a disc (rotor) is rotated in close vicinity to a stationary disc (stator). Both the rotor and stator have "teeth" that pass each other within a close (~ mm) tolerance. When liquid is flowing through the rotor-stator combination, alternating pressure waves are generated, thus inducing cavitation. Depending on the physio-chemical conditions of the liquid (viscosity, density, dissolved gas concentration, etc.), and the mechanical operation of the mechanical drive (rotation rate, mesh clearance, etc.), copious and intense cavitation is generated. There is also some indication that cavitation and other mechanically-generated sound (called "Macrosound by Dr. Langenecker) is influential in complementing and/or determining the nature of the cavitation generated with the GP system.
RESULTS
Hydrodynamic cavitation systems such as described above are in common use in a variety of applications; however, Dr. Langenecker added an ingenious and innovative twist to this system [2010, 2011] . He recognized that within the rotor-stator unit, where copious and intense cavitation was generated, sonochemistry was occurring. The intense temperatures and pressures within a collapsing cavitation bubble can cause a variety of molecular chemistry effects, such as bond breakage, free radical formation, molecular and atomic excitation, etc. [Suslick, 1990] . In particular, when metallic salts, such as sodium chloride, are contained within the liquid, and in addition, surface-active particles are also added to the liquid, the sodium and chlorine radicals can interact with the particles and form new combinations. If the particles are then removed by simple filtration, the salt can be removed from the liquid also, resulting in desalination. GP has demonstrated desalination and other element removal from liquids as shown in Table 1 below. 
SUMMARY AND CONCLUSIONS
The novel idea of combining hydrodynamic cavitation with entrained particles can result in efficient removal of undesirable, dissolved elements from a liquid. Such removal has important potential for desalination and water remediation in a variety of scenarios.
